Objectives To determine whether any particular intervention or combination of interventions is effective in the treatment, management and rehabilitation of adults and children with a diagnosis of chronic fatigue syndrome / myalgic encephalomyelitis (CFS/ME).
INTRODUCTION
Chronic fatigue syndrome (CFS) is a debilitating condition characterized by fatigue on minimal exertion accompanied by a range of other symptoms such as headaches, sleep disturbance, cognitive difficulties and muscle pain. 1, 2 The severity of the symptoms varies widely both between patients and over time; in severe cases patients may be confined to bed or to a wheelchair. CFS affects both adults and children. The nomenclature of the condition and the overlap between CFS and myalgic encephalomyelitis (ME) has been much debated. For this review we have used the term CFS/ME and included studies of people with a diagnosis of CFS/ME by any criteria.
The aetiology of CFS/ME remains uncertain and diagnosis is based on symptoms as reported by the patients. Case definitions developed for research purposes tend to be used to aid diagnosis, the most widely used being the US Centers for Disease Control and Prevention (CDC) 2 and the UK (Oxford) 1 criteria. Estimates of the prevalence of CFS/ME vary depending on the case definition used. In a study of 2376 primary care patients in England, 2.6% met criteria for CFS/ME but the prevalence fell to 0.5% when those with co-morbid psychological disorders were excluded. 3 The UK Department of Health Working Party on CFS/ME 4 estimated that a typical general practice with 10 000 patients is likely to have 30-40 patients with CFS/ME and that about half of these would require specialist services.
A variety of interventions have been used for the treatment and management of patients with CFS/ME and a number of groups have performed systematic reviews to assess the effectiveness of these interventions. Price and Couper 5 assessed the effectiveness of cognitive behaviour therapy (CBT) in adults and concluded that CBT appears to be an effective and acceptable treatment, although only three relevant randomized controlled trials (RCTs) were found. Edmonds and colleagues reviewed RCTs of exercise therapy. 6 Based on five RCTs they concluded that exercise therapy is a promising intervention, although they recommended more rigorous studies involving different patient groups and settings and a wider range of outcomes. A systematic review by Ross and colleagues examined how best to measure, monitor and treat disability in patients with CFS/ME. 7 Disability was considered primarily in terms of ability to work. Although the authors found some small studies of interventions (including rehabilitation, CBT and graded exercise therapy [GET] ) that reported improved employment outcomes, they concluded that no intervention has been proved to be effective in restoring the ability to work More broadly, Mulrow and colleagues examined the definition and management of CFS/ME, 8 while a review of all available interventions for the treatment and management of CFS/ME in both adults and children was carried out at the NHS Centre for Reviews and Dissemination (CRD). 9 These two reviews only covered the period up to 2001, and many studies of CFS/ME have been published since then. We recently carried out a number of systematic and scoping reviews on CFS/ME to inform the process of guideline development by the UK National Institute for Health and Clinical Excellence (NICE). In this paper we present an updated systematic review of the literature on interventions for the treatment and management of CFS/ME in adults and children.
METHODS

Literature search
The following databases were searched: MEDLINE (1966 to  May . Individual search strategies were developed for each electronic database and details of these can be obtained from the authors. The search was broad, with the objective of identifying all studies of CFS/ME and related synonyms and covering several research questions. No language restrictions were applied. Additional references were sought by screening reference lists of retrieved articles, textbooks on CFS/ME, and stakeholder submissions from the NICE Guideline Development Group on diagnosis and management of CFS/ME.
Inclusion criteria and study selection
Two reviewers independently assessed all titles and abstracts identified from the searches for potential relevance to the review questions, and potentially relevant papers were retrieved in full. Two reviewers independently assessed these studies for possible inclusion, using the specified inclusion criteria. A third reviewer resolved differences.
The inclusion and exclusion criteria were:
Intervention-any intervention or combination of interventions used in the treatment, management or rehabilitation of people with CFS/ME. Population-adults and/or children aged five years or more with a diagnosis of CFS/ME based on any criteria. Outcomes-all outcomes reported in included studies were considered. Study design-only randomized or controlled clinical trials were eligible for inclusion.
Data extraction
Data were extracted from study reports by one reviewer and the results were checked by a second reviewer. Any discrepancies were resolved by reference to the original study, with a third reviewer being consulted if necessary.
Only between-group comparisons were considered.
Validity assessment
The criteria for validity assessment described by Bagnall et al. 9 and based on the CRD recommendations 10 were used to allocate a validity score, ranging from 0 to 20, to each study. Assessment of validity was based on method of randomization and allocation concealment (randomized studies only); baseline comparability of groups; adjustment for confounding factors and appropriateness of the control group (controlled studies only); blinding; completeness of follow-up; handling of drop-outs and missing data; objectivity of outcome assessment; appropriateness of statistical analysis; whether the groups were treated identically apart from the named intervention; and sample size/statistical power. Validity was assessed by one reviewer and checked by another. Disagreements were resolved by discussion and reference to a third reviewer if necessary.
Data synthesis
Data were grouped by intervention into pre-specified broad categories and synthesized qualitatively. In evaluating the effects of interventions, a study was classified as showing some effect (positive or negative) of treatment if any of the outcomes measured showed a significant (P50.05) difference between the treatment and control groups. Studies were classified as showing an overall effect of treatment if there was a significant difference between the treatment and control groups for more than one clinical outcome. Studies of pre-specified subgroups of patients (children and those with severe CFS/ME) were considered separately. Of the studies included in the review, 59 were RCTs and the remainder non-randomized controlled trials (Table 1 ). Of the newly included studies (Table 2) , 15 showed some beneficial effect of the intervention and eight showed an overall beneficial effect. Validity scores ranged from 2 to 19 for the included RCTs and from 0 to 14 for the controlled trials. Controlled trials generally scored less well than RCTs on all validity criteria. A high degree of heterogeneity in interventions and outcomes was evident.
The evidence supporting the effectiveness of CBT has been strengthened by one recent good quality RCT in children and adolescents 29 which found an overall positive effect of the intervention. CBT was associated with a significant positive effect on fatigue, symptoms, physical functioning and school attendance. Most other new studies of CBT and modified CBT have also favoured the treatment for one or more outcomes but these were either lower quality RCTs or non-randomized studies. GET has recently been studied in two moderate quality RCTs. 30, 31 These studies have broadened the evidence base for GET because, unlike earlier studies, they involved non-UK settings and patients who met the 1994 CDC case definition criteria for CFS/ME. As with CBT, the overall results of studies to date suggest that this intervention may have positive effects on the symptoms of CFS/ME. Improvements in measures of physical function were also found in all five RCTs of GET published to date. [30] [31] [32] [33] [34] No severely affected patients were included in the studies of GET.
Two new studies of immunological therapies (a controlled trial of inosine pranobex 35 and a relatively low quality RCT of staphylococcus toxoid 36 ) were added to the updated review. Both of these treatments showed benefits for some outcomes but were also associated with relatively high levels of adverse events. Overall there is still insufficient evidence about the effectiveness of therapies of this type.
Treatment of CFS/ME with pharmacological therapies has given disappointing results in most cases. A recent large RCT of the acetylcholinesterase inhibitor galantamine hydrobromide 37 found no significant differences between groups and 120 of 434 patients (27.6%) withdrew from the trial. An RCT of hydrocortisone published in 2002 38 found a significant difference between groups for fatigue, but this study scored poorly for validity. Two other recent studies of steroid treatment 39, 40 found no significant effect, in line with the mixed results reported in 2002.
The only new study of complementary/alternative therapies was an RCT of homeopathic treatment 41 that showed significant differences favouring the treatment group for one of five measures of fatigue and one of five measures of functional limitations. This trial used rigorous methodology but there is also a published study showing no effect of homeopathic treatment 42 and further studies are clearly required. A supplement of acetyl-L-carnitine and propionyl-L-carnitine showed an overall positive effect in one moderate quality RCT published in 2004. 43 Other supplements (essential fatty acids 44 and magnesium 45 ) have also given promising results in single studies, although a later study of essential fatty acids failed to replicate the results of the first study. 46 The trial of magnesium supplementation has apparently not been replicated. The evidence base for supplements and miscellaneous interventions for CFS/ME remains very limited.
There is limited evidence about adverse effects associated with behavioural interventions. Withdrawals
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V o l u m e 9 9 O c t o b e r 2 0 0 6 General health: no significant differences between groups 8 in the LSLY arm and 9 in the control arm were lost to follow-up from treatment in RCTs suggest that there may be an issue but the evidence is often difficult to interpret because of poor reporting. In one RCT of CBT, 47 two patients attributed a deterioration in their symptoms to the effects of the treatment. Another RCT of CBT reported high withdrawal rates in all three intervention groups, but the reasons for withdrawal were not reported. 48 In the study of GET by Fulcher and White, 32 one patient in each group withdrew because of worsening symptoms. In the RCT of patient education to encourage GET, 33 21 of 148 patients (14.1%) entering the trial withdrew; 19 of these were in the groups randomized to GET, but the reasons for withdrawal were not reported clearly enough to be sure how many were attributable to adverse events. Eleven patients withdrew because of adverse events in a RCT of GET with or without fluoxetine, 34 but it is not clear which intervention group they were in. New studies of behavioural interventions included in the update (Table 2) did not report any withdrawals caused by adverse events, although again the reasons for withdrawal were often not reported. Several studies of immunological/antiviral, pharmacological and nutritional interventions have reported withdrawals because of adverse effects, including recent studies of Staphylococcus toxoid, 36 galanthamine hydrobromide 37 and hydrocortisone/fludrocortisone. 39 Recent studies of CBT 29 and modified CBT 49 in children and young people both reported that school attendance was significantly better in the treatment group compared with controls. One study supported the effectiveness of immunoglobulin treatment in children 50 but this intervention may also have harmful effects.
DISCUSSION
Statement of principal findings
A number of RCTs suggest that behavioural interventions, including elements of CBT, GET and rehabilitation, may reduce symptoms and improve physical functioning of people with CFS/ME. Immunological and anti-viral treatments may have beneficial effects but are also associated with harmful side-effects. Most pharmacological treatments have not shown beneficial effects.
Strengths and weaknesses of the study
Review methodology
Our review was supported by a search of the literature that was designed to be as comprehensive as possible, with the objective of identifying all published studies of interventions for CFS/ME and related conditions that met pre-specified inclusion criteria. We searched for conference abstracts and dissertations as well as standard journal articles, and we attempted to locate unpublished reports and ongoing clinical trials.
Publication bias needs to be considered in any systematic review; studies with statistically significant or unexpected results are more likely to be published than those showing non-significant results. Various statistical tests to assess publication bias are available, notably funnel plots, but the reliability of these is questionable and they are no longer recommended by the Cochrane Collaboration. We decided not to assess publication bias statistically for this reason and because of the wide range of interventions and outcomes included in the review. However, the fact that only one included study 51 reported a negative effect of the intervention suggests that a degree of publication bias may be present in the CFS/ME literature.
A fundamental problem in evaluating interventions for CFS/ME is that the wide variety of outcome measures used in the included studies makes it difficult to compare the effects of interventions across studies. Even when studies evaluated the same outcome, they used a variety of scales and measures to do so. This heterogeneity made it impossible to combine studies by meta-analysis. Standardized measures of treatment effect (effect sizes) can be calculated when studies measure the same outcome in different ways but the data required for this (sample size, mean treatment effect and standard deviation in each group) were not reported in many included studies. We have summarized our results (Table 1) in a way designed to convey as much information as possible in a relatively small space, but this presentation has limitations. Achievement of statistically significant differences between groups may be influenced by sample size in the study and results may be statistically but not clinically significant. Our measure of 'overall effect' represents an attempt to deal with this issue by showing which studies reported a statistically significant treatment effect on two or more clinical outcomes. A summary of the results of all included studies showing the magnitude of treatment effects is available from the authors and will be included in an updated version of the report by Bagnall and colleagues 9 that will be available from the Centre for Reviews and Dissemination (www.york.ac.uk/ inst/crd/index.htm).
Included studies
As noted above, development of standardized and objective outcome measures and agreement on their use in studies remain largely unmet goals. There is also a lack of longterm follow-up data for most interventions, although a fiveyear follow-up of the RCT of CBT by Deale and colleagues showed maintained benefit of the intervention for several outcomes 52 and a two-year follow-up of one RCT of GET was published in 2004. 53 The studies included in our review also show a lack of uniformity in terms of case definitions for CFS/ME, study inclusion and exclusion criteria and the basic information provided about the participants. For example, baseline functional status and duration of illness are not always reported. It is therefore difficult to assess the generalizability of the findings of many of these studies.
Although we have discussed all the studies evaluating a particular intervention together, the treatment offered to patients receiving a particular type of therapy in practice may vary considerably, particularly for behavioural interventions. For example, in the CBT study by Stulemeijer et al., 29 participants in the intervention group received ten individual therapy sessions over five months in a hospital child psychology department, whereas in the study by Whitehead et al. 54 the intervention was a form of 'brief CBT' delivered by general practitioners. Further standardization of methods for delivering behavioural interventions in research and practice would be desirable.
Strengths and weaknesses in relation to other studies
This updated systematic review confirms and extends the conclusions of previous reviews in this area. 5, 6, 8, 9 Evidence reviews also informed guidelines for the treatment or management of CFS/ME published in Australia 55 and the Royal College of Paediatrics and Child Health (RCPCH) guidelines covering children and young people. 56 The Australian guidelines concluded that CBT and GET 'may be effective for some people with CFS' (based on level 1 and 2 evidence, respectively). This is similar to the conclusions of our review. The recommendations for children and young people were largely developed by consensus because of a lack of specific evidence for this age group. GET and CBT were recommended for consideration based on extrapolation from studies in adults. The effectiveness of CBT for adolescents is supported by a recent high-quality RCT, 29 although this had only 69 participants.
Meaning of the study and implications for clinicians/policy makers
Our results demonstrate that there are a considerable number of studies evaluating interventions for the treatment and management of CFS/ME and that many of them have used robust research methods; the majority of the included studies were RCTs and many of these were of high methodological quality (Table 1) . However, RCTs generally scored poorly for concealment of treatment allocation and many failed to use an intention-to-treat analysis. These issues should be addressed in designing future clinical trials of interventions for CFS/ME. In view of the chronic nature of CFS/ME, future trials should be designed, as far as practicable, to collect long-term data on effectiveness and adverse events. A number of issues may limit the uptake and availability of effective interventions for CFS/ME. Behavioural interventions require the participation of trained therapists and this may raise issues both of cost and the availability of personnel. This is particularly true for CBT, which is regarded as a valid therapy option for a range of conditions. Improving the organization and delivery of psychological therapies has been identified as a priority for the UK National Health Service. 57 Unanswered questions/further research Homeopathy and supplements (essential fatty acids and magnesium) have shown beneficial effects but only in one or two trials and further rigorous trials of these interventions would be helpful. Similarly, very few studies have assessed the effectiveness of interventions for children and young people and for severely affected patients. No rigorous evaluations of pacing were identified. A large trial known as PACE (Pacing, Activity and Cognitive behaviour therapy: a randomized Evaluation), involving patients attending specialist CFS/ME clinics across the UK, is underway and is due for completion in 2009. This trial is designed to compare specialist medical care against specialist medical care with the addition of adaptive pacing therapy, CBT or GET.
Patient perceptions and preferences regarding interventions have been investigated but are not generally reported in studies of effectiveness. Some studies of behavioural interventions have reported significant rates of withdrawal from treatment or loss to follow-up, as high as 20-40% in some studies. 48, 54 Withdrawals not related to adverse events may reflect patient dissatisfaction with treatment. Our review did not find any new evidence of adverse effects (sufficient to cause withdrawal from treatment) associated with GET or CBT. However, reasons for withdrawals were often poorly reported and should be investigated in more detail in future studies.
The protocols for many clinical studies require patients to attend a clinic for treatment and/or assessment. These conditions may exclude people severely affected with CFS/ ME from taking part and hence bias the sample towards those with less severe symptoms. Surveys by patient organizations highlight the fact that those with the worst symptoms often receive the least support from health and social services. 58 The balance between effectiveness and adverse effects of interventions may be different in more severely affected compared with less severely affected patients and methods of delivery/doses may need to be different. Research to evaluate the effectiveness of interventions for severely affected patients should be considered a priority. The FINE (Fatigue Intervention by Nurses Evaluation) trial is designed to evaluate a pragmatic rehabilitation therapy delivered by nurses in patients' homes, and hence accessible to severely affected patients. 59 This trial is expected to end in 2008.
